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CAPTURE PURIFICATION PROCESSES FOR
PROTEINS EXPRESSED IN A
NON-MAMMALIAN SYSTEM

This application is a continuation of U.S. application Ser.
No. 14/599,336, filed on Jan. 16, 2015, now U.S. Pat. No.
9,643,997; which is a divisional of U.S. application Ser. No.
12/822,990, filed on Jun. 24, 2010, now U.S. Pat. No.
8,940,878, which claims the benefit of U.S. Provisional
Application No. 61/220,477 filed Jun. 25, 2009, which is
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to processes for
puritying proteins expressed in non-mammalian systems in
both non-native soluble and non-native insoluble forms, and
more particularly to the direct capture of such proteins from
a refold mixture or a cell lysate pool by a separation matrix.

BACKGROUND OF THE INVENTION

Fc-containing proteins are typically expressed in mam-
malian cells, such as CHO cells. The use of affinity chro-
matography to purify Fc-containing proteins is documented
(see, e.g., Shukla et al., (2007) Journal of Chromatography
B 848(1):28-39) and is successful, in part, due to the degree
of Fc structure observed in proteins expressed in such
systems. Fc-containing proteins expressed in non-mamma-
lian cells, however, are often deposited in the expressing
cells in limited solubility forms, such as inclusion bodies,
that require refolding, and this has been a limiting factor in
selecting non-mammalian systems for expressing Fc-con-
taining proteins.

A drawback to the use of Protein A, Protein G and other
chemistries is that in order for a protein comprising an Fc
region to associate with the Protein A or Protein G molecule,
the protein needs to have a minimum amount of structure.
Often, the requisite amount of structure is absent from
proteins expressed recombinantly in a soluble, but non-
native, form and consequently Protein A chromatography is
not performed in a purification process.

In the case of a protein expressed in an insoluble non-
native form, Protein A chromatography is typically not
performed in a purification process until after the protein has
been refolded to a degree that it can associate with the
Protein A molecule and has been subsequently diluted out of
its refold solution. This is because it was believed that after
a protein has been refolded it was necessary to dilute or
remove the components of the refold mixture in a wash step,
due to the tendency of the components that typically make
up a refold solution to disrupt interactions between the target
protein and the Protein A molecules (Wang et al., (1997).
Biochem. J. 325 (Part 3):707-710). This dilution step can
consume time and resources which, when working at a
manufacturing scale of thousands of liters of culture, can be
costly.

The present disclosure addresses these issues by provid-
ing simplified methods of purifying proteins comprising Fc
regions that are expressed in non-mammalian expression
systems in a non-native soluble form or in a non-native
insoluble form.

SUMMARY OF THE INVENTION

A method of purifying a protein expressed in a non-native
soluble form in a non-mammalian expression system is
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provided. In one embodiment the method comprises (a)
lysing a non-mammalian cell in which the protein is
expressed in a non-native soluble form to generate a cell
lysate; (b) contacting the cell lysate with an separation
matrix under conditions suitable for the protein to associate
with the separation matrix; (¢) washing the separation
matrix; and (d) eluting the protein from the separation
matrix.

The protein can be a complex protein, such as a protein is
selected from the group consisting of a multimeric protein,
an antibody and an Fc fusion protein. The non-mammalian
expression system can comprise bacteria or yeast cells. The
separation matrix can be an affinity resin, such as an affinity
resin selected from the group consisting of Protein A,
Protein G and a synthetic mimetic affinity resin, or it can be
a non-affinity resin, such as a non-affinity resin selected from
the group consisting of ion exchange, mixed mode, and a
hydrophobic interaction resin. The cell lysate can be filtered
before it is contacted with the separation matrix. Although
not required, the method can further comprise refolding the
protein to its native form after it is eluted from the separation
matrix.

A method of purifying a protein expressed in a non-native
limited solubility form in a non-mammalian expression
system is provided. In one embodiment that method com-
prises (a) expressing a protein in a non-native limited
solubility form in a non-mammalian cell; (b) lysing a
non-mammalian cell; (¢) solubilizing the expressed protein
in a solubilization solution comprising one or more of the
following: (i) a denaturant; (ii) a reductant; and (iii) a
surfactant; (d) forming a refold solution comprising the
solubilization solution and a refold buffer, the refold buffer
comprising one or more of the following: (i) a denaturant;
(i1) an aggregation suppressor; (iii) a protein stabilizer; and
(iv) a redox component; (e) applying the refold solution to
a separation matrix under conditions suitable for the protein
to associate with the matrix; (f) washing the separation
matrix; and (g) eluting the protein from the separation
matrix.

The non-native limited solubility form can be a compo-
nent of an inclusion body. The protein can be a complex
protein, such as a complex protein selected from the group
consisting of a multimeric protein, an antibody, a peptibody,
and an Fc fusion protein. The non-mammalian expression
system can be bacteria or yeast cells. The denaturant can
comprise one or more of urea, guanidinium salts, dimethyl
urea, methylurea and ethylurea, the reductant can comprise
one or more of cysteine, DTT, beta-mercaptoethanol and
glutathione, the surfactant can comprise one or more of
sarcosyl and sodium dodecylsulfate, the aggregation sup-
pressor can be selected from the group consisting of argi-
nine, proline, polyethylene glycols, non-ionic surfactants,
ionic surfactants, polyhydric alcohols, glycerol, sucrose,
sorbitol, glucose, tris, sodium sulfate, potassium sulfate and
osmolytes, the protein stabilizer can comprise one or more
of arginine, proline, polyethylene glycols, non-ionic surfac-
tants, ionic surfactants, polyhydric alcohols, glycerol,
sucrose, sorbitol, glucose, tris, sodium sulfate, potassium
sulfate and osmolytes, and the redox component can com-
prise one or more of glutathione-reduced, glutathione-oxi-
dized, cysteine, cystine, cysteamine, cystamine and beta-
mercaptoethanol. The separation matrix can be an affinity
resin such as an affinity resin selected from the group
consisting of Protein A, Protein G, and synthetic mimetic
affinity resin or the separation matrix can be a non-affinity
resin selected from the group consisting of ion exchange,
mixed mode, and a hydrophobic interaction resin.



